metabolism.
INTRODUCTION using a 2-step sodium acetate gradient (0-7 min: 37.5-75 mM and 7-30 min: 75-300 mM) and a 152 constant concentration of 0.1 M NaOH at 25°C at 0.35 ml min -1 . After each run the column was 153 regenerated with a constant concentration of 0.1 M NaOH and 400 mM sodium acetate for 5 min, 154 followed by a gradient from 400 mM to 37.5 mM sodium acetate over 5 min, and finally an 155 equilibration with 37.5 mM sodium acetate and 0.1 M NaOH for 5 min. containing the lba1710 allele, designated pTRK1085, and the recovery of plasmid-free double 172 recombinants with 5-fluorouracil were performed as described previously (36, 38) . Double 173 recombinants with lba1710 allele were screened by colony PCR using primer pair 1710-1/1710-4.
174
In-frame deletion and sequence integrity were confirmed by PCR and DNA sequencing using 175 primer pair 1710-5/1710-6 (5'-TGAGCAAGTTAGCGCATCTG-3' / 5'-GCTGGTGTTGCAGAAGTAG-3'), which specifically anneal to the flanking region of the lba1710 gene. One of the confirmed lba1710 deletion mutants, designated as NCK2325, was selected for further studies. IL), and the inhibition kinetics models were ranked based on χ 2 of the fits.
Production and purification of recombinant

237
The hydrolysis kinetics parameters of the branched α-limit dextrin mixture described above (five products were quantified based on peak areas from HPAEC-PAD analysis, which was performed as 244 described above.
245
The described standard reducing sugar assay was also used to determine the pullulanase activity ). Interestingly, enzymatic inhibition kinetics analysis with pullulan revealed that the inhibition of 332 LaPul13_14 with β-CD was not pure competitive inhibition, but was mixed type inhibition giving a growth was observed on pullulan and amylopectin that contains longer branches (data not shown).
366
Since L. acidophilus NCFM is only able to use the debranched maltose from β-limit dextrin, the 367 energy yield per mass of this substrate is much lower compared to growth on maltose. Therefore, 368 the observed low level of growth on β-limit dextrin is in agreement with the debranching activity of 369 the cells and the lack of α-amylase activity that is required for the full-utilization of this susbtrate.
370
The poor growth on maltotriose and maltotetraose is, however, surprising as these substrates are 371 predicted to be internalized through a maltodextrin specific ATP-binding cassette (ABC) system 372 (LBA1864−LBA1867), which is conserved in acidophilus group lactobacilli (24) . The The occurrence of a surface layer association protein domain in the enzyme is denoted by "+" Table S2 . Comparison of kinetic parameters of pullulanases. Purple, GH13_13, i.e. enzymes mainly acting on -limit dextrins; Blue, GH13_14, i.e. enzymes with activity on -limit dextrins as well as the polymeric glucans amylopectin and glycogen; Orange, Unclassified/no protein sequence in CAZy. The enzyme from L. acidophilus NCFM displays the highest catalytic efficiency for any debranching enzyme owing to an unprecedented low K m . 
